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ABSTRACT

This Quarterty Progress Report presents a summary of results from
electrophysiological studies vonducted in primary auditory cortex (Al).  These studies were
conducted in three groups of experimental animals: “normal” animals that were implanted
as adults “passively stimulated” cats that were neonatally deafened and received chronic
stmulation with & meaningless, stereotyped electrical stumulus (80 pps or 300 pps pulse
trains amphtude modulated with a 30 Hz sinusoid) for approximately 6 months; and
“behaviorally trained” cats that received initial stimulation through a model speech
processor, and when mature enough, were behaviorally trained to detect and respond to a
vartety ot electrical signals. The passively stimulated and behaviorally trained groups
consist of the same experimental animals for which we have previously presented
morphological. psychophysical and inferior colliculus electrophysiology data.

tn these cortical studies, high resolution maps of Al were made by making multiple
microelectrode penetrations at closely-spaced intervals, and systematically determining
response thresholds at each location. Results in normal animals show that stimulation of an
iy idual intracochiear bipolar electrode pair produces a dorsal to ventral “ridge” of higher
sensttivity. iower threshold in Al This ridge is located caudally for apical electrodes, and it
shirts progressively more rostral with excitation of more basal electrode pairs on the cochlear
.mpiant These preterential threshold locations for different intracochlear electrodes are
consistent with the known tonotopic organization of Al demonstrated by acoustic
stimulation indicating that tonotopic organization, or “tunung” also occurs with electrical
~umulation  In contrast, neonatally deatened animals that received chronic electrical
stimuiation through a cochlear implant showed much poorer electrode specificity and
degraded tumuing  In the passively stimulated arumals, electrode specificity appears to be
weaker than normal, and although tuning may be present, it appears to be broader than in
normals Results 1n behaviorally trained animals were particularly striking. In this
experimental group, many of the response threshold distributions were nearly flat and
lacked any spatial selectivity whatsoever. These results indicate that electrical stimulation of
a bipolar intracochlear electrode pair initially produces a preferential, spatially selective
response 1 primary auditory cortex, but after chronic stimulation with such electrodes, this
selectivity or turung 1s lost The equalization of all thresholds across a broad region of Al is
particularly impressive because absolute threshold is typically very low in these behaviorally
trained arumals suggesting an mncrease in sensitivity of neurons throughout the cortex. These
results are interpreted as indicating that chronic stimulation, particularly with behaviorally
relevant signals can result in profound functional alterations or reorganization of auditory
COrtex

ro



Quarterly Progress Report
Contract #NO1-DC-4-2143
Protective Effects of Electrical Stimultion

x Followin

Chronic Electrical Stimulation: Preliminary Results.

Many cortical sensory tields, including Al have been shown to exhibit representational
plasticity of their tunctional organization under a variety of stimulus and behavioral
conditions. That 1s, cortical receptive fields dedicated to specific regions of peripheral sensory
input can be enlarged or usurped, depending upon the sensory experience occurring over the
lifetime of the animal. One of the intriguing possibilities for reorganization in the auditory
system may be found in the phenomenon that deaf children, including congenitally or early
deatened children, who are electrically stimulated using cochlear prostheses, are typically
unable to understand speech in the first hours, weeks, or months of stimulation. However,
with daily stimulation ot their prostheses over a prolonged period of time and some directed
auditory training, many young patients eventually acquire the ability to discriminate some
speech. The goals of the cortical studies presented here were: to investigate the representation
of peripheral electrical simulation in primary auditory cortex; to evaluate whether Al
representations in neonatally deafened animals undergo consistent reorganization following
chronic simulation with a cochlear implant; and ultimately, to determine whether or not the
penavioral relevance ot the chronic stimulation plays a role in inducing such changes in
cortical representations. The premise for the present investigation was to use the known
acoustic physiological response topographies in Al as a template against which to compare
neuronal responses to peripheral electrical stimulation. In this report, the focus will be on
rhreshold distributions and what 1s referred to as spatial “tuning”

1. Experimental Animals; Methods

The arumals in which cortical studies have been conducted include three groups of
adult cats. The “normal” group included both completely normal and acutely deafened adult
cats that were implanted shortly before the electrophysiological experiment. Table 1 shows
the sumulaton histories for the other two groups of animals: the “passive stimulation” group
that were neonatally deatened, chronically implanted and passively stimulated until the time
of the termunal electrophysiological experiment, and the “behaviorally trained” group that was
neonatally deatened, chronically implanted, and initially received passive stimulation until
arumals were mature enough to undergo behavioral training (approximately 3 months of age).
Behavioral training continued for many weeks in duration, and during this time, detection
thresholds were determined for a variety of pulsatile and sinusoidal electrical stimuli. In this
report, cortical threshold data are presented for eight animals in the normal group, four
arumals in the passive stimulation group, and four animals in the behaviorally trained group.

The cochlear implant devices were always implanted in the left scala tympani and
consisted of multiple electrode arrays with a variable number of near-radial bipolar pairs. The
individual contacts of each electrode pair were separated by approximately one millimeter
with a 1 5to 2 mm separation between pairs. In the second group of animals, those that were
passively stimulated, sttmulation was initiated at 6.4 to 10.5 weeks of age. Animals were
stimulated 4 hours per day, 5 days a week, with stimulation delivered over a period 25.5
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weeks on average Stimulus Intensity was set at 2 dB above the EABR threshold tor each
anumal and sumulus currents ranged trom 80-400 pA with a pulsed stimulus (biphasic, 200
psec/ phase) at a trequency ot 80 Hz (K83) or 300 Hz amplitude modulated with a 30 Hz
sinusoid (all other cats). It should be noted that two of these cats, K83 and K91, also received
briet periods (3 5 weeks and 6 weeks, respectively) of behavioral training to determine
detection thresholds tor the chronic stimulus. These short behavioral training sessions were
tollowed by a return to the passive stimulation paradigm for periods of 6 weeks (K83) and 13
weeks (K91 which continued until the time of the cortical experiments. Thus, although these
2 cats received a modest period of behavioral training, they are included in the passive
stimulation group because the great majority of their stimulation was passive and because
long periods ot passive stimulation immediately preceded the electrophysiological
experiments.

The third group ot animals, those that received both passive stimulation and prolonged
pehavioral trainung were stimulated as follows: Passive stimulation was accomplished using a
backpack speech processor generating an analogue electrical stimulus encoding ambient
environumental sounds picked up by a portable microphone and delivered directly to the
anumal’s connector tor 3-4 hours per day, 5 days per week with stimulus currents ranging from
W-400uA. Anumals were behaviorally trained using a variety of electrical stimuli, including:
190 Hz, 300 He, 500 Hz, and 1000 Hz sinusoids; 30, 100 and 300 Hz pulses (pulse duration
respectively 0.2 -5.0 ms/ phase, stimulus duration 0.03-2 sec). The training paradigm was one
ot conditioned avoidance in which threshold was determined using a descending method of
{mits and a 50% avoildance criterion. In addition to the mean passive stimulation time of 21.3
weeks, the mean period tor behavioral training was 21.9 weeks. In some cases, passive
stimulation time overlapped behavioral training time for a short time. In others, the passive
stimulation was discontinued when behavioral training was initiated. The mean total
stimulation time period over which this group received stimulation was 36.5 weeks (range 35-
4% weeks;

At the conclusion of passive stimulation or behavioral training, acute
electrophysiological experiments were conducted. It should be noted that results from these
same chronically stimulated animals have been presented in previous Quarterly Progress
Reports, including behavioral threshold data, morphometric data from the cochlear spiral
ganglion, and data trom inferior colliculus electrophysiological studies. After completion of
the interior colliculus studies in these animals, a second craniotomy was performed on the
right side to expose the primary auditory cortex contralateral to the cochlear implant, and the
Al cortical mapping study was then conducted. In normal animals, identical acute
electrophysiological experiments were conducted either immediately following implantation
or after two to three week recovery periods. Cortical responses were elicited by electrical
stimuli delivered to the various bipolar pairs of electrodes on the cochlear implant device.
stimuli were either capacitively coupled, charged balanced, biphasic square wave pulses (200
us/phase) delivered at 1-2 pps or 1-3 cycles of a 100 Hz sine wave. A number of parameters
were measured. but only the threshold results will be presented here. Multiple microelectrode
penetrations were made at closely-spaced intervals across Al, and response thresholds were
determined at each location
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2, Organization of Primary Auditory Cortex (Al)

In order to place the electrical stimulation data from the cortical mapping experiments
IN appropriate CONteat, it s tirst necessary to review some of the features of Al organization
and neuronal response properties to acoustic stimulation. Although the exact role of the
auditory cortex in the processing of complex acoustic signals remains unknown, early work by
Merzenich and colleagues (1975) and Reale and Imig (1980) showed the existence of
1sofrequency bands 1n which neurons with similar characteristic frequencies (CF) are found in
bands that run dorsal to ventral across the extent of Al. More recent work by Schreiner and
colleagues has revealed that neurons in Al demonstrate differential physiological response
characteristics that are systematically organized across both the dorsal-ventral and caudal-
rostral extents of Al These findings have demonstrated that Al can be preliminarily divided
into three distinct areas along the axis that is orthogonal to the isofrequency domain: a dorsal
area, a ventral area and a central area that lies between them. Detailed studies of response
distributions have revealed that neurons in the central area consistently demonstrate
significantly sharper tuning, lower thresholds, shorter latencies, high non-monotonicity and
contain a relatively larger number of excitatory-inhibitory neurons (EI) as compared
o neurons in the adjacent dorsal and ventral areas (Schreiner and Mendelson, 1990;
Sschreiner, et al , 1992, Schreiner and Sutter, 1992). Moreover, single neurons and neuron
clusters in dorsal vs ventral Al respond 1n a systematic and differential way to signal intensity
rSutter and Schreiner, 1995)

Figures 1-3 illustrate three-dimensional distributions of some of these acoustic
narameters across Al In Figure 1, the small diagrams at the left illustrate the recording region
in normai cat primary auditory cortex, with each dot representing the location of a
mucroelectrode penetration site. At the right of the figure is an isofrequency contour map
whuch shows the spatial distribution of CF to contralateral acoustic tonal stimuli as derived
from those recordings. Each of the small, vertical lines corresponds to an individual
penetration site, and the elevation corresponds to the CF at that site. A clear and relatively
smooth CF gradient 1s seen, demonstrating the low (= 4 kHz) to high (=24 kHz) frequency
distribution that runs trom caudal to rostral across AL The lines connect recording locations
with simular CF. defining the well-known isofrequency bands of Al, which run parallel to the
dorsal-ventral axis of Al The sharp change in CF at the ventral end of the map is attributed to
recordings made 1n an adjacent cortical field (AIl) with a separate frequency organization.

As mentioned previously, in addition to this orderly CF distribution, Al also appears to
be organized on the basis of other specific physiological response characteristics, into three
distinct areas runmng orthogonal to the isofrequency domain. Compared to neurons in the
dorsal and ventral areas, those in the central region demonstrate several different functional
properties such as sharper tuning and lower thresholds when tested using acoustic tone burst
stumuli In Figure 2, the left plot shows that there is a central area of high Q values, meaning
that there is a restricted, central area where neurons demonstrate sharper tuning, whereas
neurons demonstrate broader tuning in both the ventral and dorsal areas. The right plot in
Figure 2 tliustrates the acoustic threshold distribution. The data show a central area of low
threshold that corresponds to the locations of sharpest tuning seen in the left plot, bounded by
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dorsal and ventral reglons of higher threshold. On the basis of an extensive body of work
confirming the tundamental observations summarized above, it can be concluded that Alis
segregated into distinct response areas in which any neuron can be characterized as bearing a
number ot specitic tunctional behaviors. Whether or not these neurons are, therefore,
“combination selective” remains to be seen pending further investigation of the
representations ot complex signals.

This tunctional organization of Al demonstrated with acoustic signals forms the
theoretical context tor the present studies of cortical responses to electrical stimulation of the
cochlea. Therefore, we were interested not only in the specific behavior of isolated cortical
neurons, but also 1n the distribution of responses across the dorsal-ventral and caudal-rostral
extents of Al. Comparing the distributions of electrical responses with those already known
for acoustic stimulation is believed to be a logical first step in understanding the fundamental
mechanisms of electrical stimulation of the auditory system. Moreover, such a comparison
mught provide important information concerning normal cortical physiology and might
ultimately shed some light on the reasons for the varying success in different cochlear implant
patients and with difterent signal processing strategies.

Figure 3 shows an example of the threshold distribution for a 20 kHz acoustic signal.
On the left 1s a 3D plot of the CF distribution in Al with the dark line defining the dorsal to
ventral 1sofrequency line tor 20 kHz. On the right is shown the threshold distribution for this
trequency that demonstrates a fairly sharp, location-specific, ventral to dorsal “ridge” of high
sensitivity or low threshold. This demonstrates what is referred to as “spatial tuning.” That
1s, Al 1s spatially tuned to pure tones such that higher frequency signals result in rostral ridges
and lower trequency signals produce progressively more caudal ridges, as a straightforward
expression of the clear tonotopic organization of Al

3. Al Distributions of Response Thresholds to Electrical Stimulation.

For direct comparison, Figure 4 shows the threshold distribution for four radial bipolar
intracochlear electrode pairs and one longitudinal pair, stimulated with biphasic pulses in a
normal anumal Pair 1,2 is the most apical electrode pair, positioned in the scala tympani at a
location corresponding to roughly 5 kHz; the other electrode pairs are located at progressively
more basal sites, with pair 7,8 corresponding to about 15 kHz. These cortical threshold data
demonstrate a clear caudal to rostral “ridge” of high sensitivity running ventral to dorsal
which shifts in position from a caudal location for pair 1,2 to progressively more rostral
locations for the more basal stimulating electrode pairs. These data demonstrate that tuning
also occurs with electrical stimulation, in that there are electrode-specific areas of high
sensitivity that are appropriate for the tonotopic organization of Al (i.e., lower frequency
electrodes are represented caudally and progressively higher frequency electrodes are
represented in more rostral locations.) It is clear, however, that the ridges are not smooth and
continuous dorso-ventrally as they are using acoustic pure tone stimuli, but rather have peaks
and troughs that may reflect underlying differential parametric acoustic response distributions
as discussed above It 1s also interesting to note that stimulation using the longitudinal
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electrode pair 1.8 (which subtends a broad range of frequencies in the cochlea), does not
produce a preterential threshold location

Another method of evaluating tuninyg is to measure thresholds in a single line of data
points across the caudal-rostral extent of AL This has been a very useful methodology because
1t provides a stmpler depiction of actual data points, and also because these experiments can
take up to bU hours to complete and recording single lines of penetrations is more efficient.
The data points are typically 0.5 mm apart, and we refer to a single line of data points as a
“slice”  Several rows of caudal-rostral penetration sites are used to develop the tuning profile.
An attempt 1s made to place these rows so that they are representative of the entire Al, with at
jeast one row 1n the dorsal region, one in the ventral region and one in the central region.

Our working definition ot spatial tuning tor slice data requires that two criteria be met:
1 that there 1s a preterential, spatial locus of best response for different electrodes, and 2) that
the threshold protile has at least a broad, U- or trough-shaped threshold configuration with a
relatively clear preterential locus. Specitically, for a slice to be classified as tuned, the spatial
runing curve must have a well-defined minimum and a width at 10 dB above minimum
rnreshold of less than 3 mm. Sharply tuned spatial tuning curves are defined as those with
widths < 2mm. Broadly tuned slices are defined as those that have a less well-defined
minimum with a width between 2 and 3 mm. This impiies that the threshold configuration in
ali tuned slices shows increases in thresholds on both the caudal and rostral sides of the
protile. In contrast, slices with an absence ot tuning or a flat configuration are those that show
no preterential spatial locus of best response tor any radial pair and do not show threshold
ncreases of more than 10 dB on both the caudal and rostral sides of the threshold protfile.

Figure 5 shows the slice distribution tor the same data that were illustrated in Figure 4.
That 1s, single lines of data points were extracted from the whole data set. There is a clear
spatial separation between threshold minima for each bipolar pair with the apical-most pair
1,2 having its iowest threshold on the caudal side of the plot and the basal-most pair 7,8
having its threshold minima on the rostral side. It can also be seen that there is an absolute
threshold difterence across pairs with pair 1,2 having the poorest response or highest minimal
threshold Again, Pair 1,8 shows no tuning or no preferential response location.

In Figure 6 another example cf slice data is shown from a cat (CH637) that was acutely
deatened and implanted In contrast to the previous figure, data in this animal were collected
for sumulation with both pulses (p) and sinusoids (s). Although tuning appears to be
considerably broader in this cat, preferential spatial response locations are still clearly present
tor the two stimulated electrode pairs and their threshold minima are tonotopically
appropriate Thresholds are lower and tuning 1s sharper for sinusoidal stimuli, a finding
which is common across all experiments.

These results in normal adult cats suggest that: 1) there are electrode-specific positions
of minimum threshold to electrical stumulation in Al that are appropriate for the tonotopic
organization as detined by acoustic stimulation; and 2) this tunung can be relatively selective
i= -2 mm wide

~d
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4. Al Response Threshold Distributions in Chronically Stimulated Cats.

Figures 7 and & show examples of slice data for the two cats that were neonatally
deatened, implanted and passively stimulated over periods of approximately 6 months. The
data in Figure 7 are trom an animal (K89) that was passively stimulated with an invariant
pulsatile electrical signal (300 Hz pulse train, amplitude modulated at 30 Hz), over a period of
26.5 weeks The solid lines show the threshold distributions for pulse stimuli delivered by two
near-radial bipolar electrode pairs. Note that these functions show very broad tuning with
spatial tuning curves that have a poorly defined minimum. With sinusoidal stimuli, the
spatial selectivity or tuning is somewhat better in that there does appear to be a U-shaped
threshold function. However, the minimum threshold region is still quite broad with a 10 dB
width that 1s greater than 2 mm. These results suggest that the spatial tuning in this cat, if
present at all_is broader than that seen in normal cats.

Figure 8 shows data from another animal (K92) that was passively stimulated with the
same stimulation protocol and 30U pps /30 Hz complex signal as in the previous cat. The
representative slice profile shown in these data includes threshold data for both the apical (1,2)
and basal (3,4) cochlear electrode pairs, and tor both pulses and sinusoidal stimuli. These
tunctions are all quite tlat, indicating no turung or preferential spatial responses for this animal
with either pulses or sinusoidal stimuli.  These data are representative of the data from the
tour cats 1n thus group  The results suggest that passive chronic electrical stimulation of the
cochlea degrades the location-specific responses and spatial selectivity in Al although tuning
mayv be present, it 1s broader (2-3 mun wide) than in normal anumals.

Figures v and 10 show slice data tor two exemplary behaviorally trained cats (K84, K86).
These two neonatally deafened animals were initially stimulated with a speech processor
generating an analogue electrical stimulus in response to ambient environmental sounds with
thus sumulation period continuing for 21 and 15 weeks, respectively, until the animals were
judged to be sutficiently mature to undergo behavioral training. The subsequent behavioral
trainung periods extended for 10 weeks in K84 and for almost 6 months in K86. Figure 9 shows
slice data for K&4, including threshold data for both pulses and sinusoids and for the two
intracochiear electrode pairs 1,2 and 3,4. The functions are extremely flat in this cat, with no
evidence of spatial selectivity or tuning for either cochlear electrode pair. Figure 10 shows the
slice data trom K6 Although there may be some weak, location-specific responses, there is
no clear U-shape to any of the threshold functions, and no indication of preferential locations
for the apical and basal cochlear electrode pairs. The cortical threshold data shown in Figures
9 and 10 are representative of all four cats in this experimental group (Table 1). That is, neither
stumulation with pulses nor with sinusoidal stimuli resulted in any clear location specific
responses or tuning, with nearly flat threshold functions over broad regions of the AL These
data indicate that 1n this group of neonatally deafened animals after chronic electrical
stimulation and behavioral training there is no electrode specificity and no clear tuning in AL

Figure 11 shows a summary of the incidence of tuning across the three groups of
arumals For this analysis, all the slices from each cat were classified as either tuned or not
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tuned, based upon the presence or absence ot a U-shaped threshold function and preferential
loct of specitic cochlear electrode pairs that were appropriate to the Al frequency organization
(see above) Figure 11 shows the percentage of slices that demonstrated tuning (dark bars) or
the lack of turung (hatched bars) with data pooled from each of the three experimental groups.
Results are show n tor both pulsed stimuli (top graph) and sinusoidal stimuli (bottom graph).
It should be noted that when the percentage of tuned slices was determined for each
individual arumal and averaged across all animals, the percentage of tuned slices shows nearly
this same distribution ot tuned vs. not tuned slices. This indicates that the prevalence of
tuning is not intiuenced by ditferences in the number of slices per animal.

The data show that both tuned and untuned slices are observed in all the groups,
however, there are clear differences between the three conditions. The number of tuned slices
is considerably greater for normal animals than either passively simulated or behaviorally
trained animals, and passive stimulation appears to result in a greater number of tuned slices
than those tound for behaviorally trained animals. In fact, the behaviorally trained animals
demonstrate a marked predominance of slices that lack any demonstrable tuning or spatial
selectivity  This tinding holds for both pulsatile and sinusoidal stimulation

5. Discussion and Conclusions

These results support the notion that electrical stimulation of an intracochlear bipolar
etectrode pair inutially results in a preterential, location-specific response in Al that appears to
andergo profound degradation or reorganization atter some period of chronic electrical
stimulation and behavioral training. That is, with such peripheral electrical stimulation, the
preterential spatial response in Al that is very apparent in normal, unstimulated animals, can
disappear The near-total lack of tuning seen in animals that have undergone behavioral
traiiung, may be viewed as an equalization of all distributed thresholds, or an increase in
sensitivity of all neurons to equality. Of particular significance in this regard is the fact that
the absolute thresholds have generally been very low in these trained animals.

It should be noted that during behavioral training, the actual exposure to electrical
stimulation amounts to only minutes per day. Thus, although the total number of weeks of
stumulation 1s longer in many cats that have been behaviorally trained as compared to the
passively sumulated animals, the passively stimulated animals generally received more total
stimulation exposure than the behavioral animals. This suggests that it is not simply the
ionger ime period over which stimulation is administered that accounts for the marked lack of
tunung 1n the behaviorally trained animals, but rather the nature of the stimulation that
induces the observed changes in Al Specifically, the variations in frequency and intensity of
stumulation through the speech processor and in the behavioral testing paradigm, and/or the
behavioral reievance ot the stimuli may be important for these cortical alterations.

With respect to cochlear implant patients, if these findings reflect actual cortical effects
of chromic sumulation that occur in patients, then it appears that implant patients would have
lost one ot the tundamental attributes of Al Le., location-specific responses suggestive of the
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discrete basilar membrane stimulation tound in normal hearing. However, instead of patient
performance deteriorating over time, pertormance frequently improves. There are a number
of possibilities that might account tor this tinding. First, it i1s possible that speech information
is carried primarily in the temporal signal, and that the tonotopic spatial selectivity is less
important tor the tunction of the implant. It this were the case, it would mean that the
improved pertormance reflects an improvement in the temporal resolution of the central
auditory system that is independent of the normal tonotopicity. Alternatively, it is important
to remember that the present results retlect the effects of stimulation of only a single channel of
information via activation of a single intracochlear electrode pair; if two or three channels
were samulated nearly simultaneously and in competition with one another, this might result
in maintenance of more normal preferential, location-specific responses. Future experiments
using more sophusticated stimulation paradigms such as multichannel stimulation and
complex signals with less temporal coherence will attempt to address some of these questions.
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Work Planned for the Next Quarter

1) Two adult-deatened cats have recently been implanted with the new model
UCSF cat electrode and EABR thresholds have now stabilized at acceptable levels. During
the next quarter. there animals will be chronically stimulated using a temporally
challenging (but passive and invariant) electrical stimulus (300 pps amplitude modulated
with a 30 Hz sinusoid) These animals will eventually be studied in acute
electrophysiological experiments to evaluate spatial selectivity (STC widths) in the inferior
colliculus and Al and thus to determine in functional alterations observed after chronic
stimulation in neonatally deafened cats are also observed in adult-deafened subjects.
Moreover, studies of spiral ganglion cell survival and cochlear nucleus morphology should
allow us to determune whether the protective effects of chronic electrical stimulation
previously observed in neonatally deafened cats are dependent upon critical periods of
development or, alternatively, can also be induced in animals deafened as adults.

2j One neonatally deafened kitten was also implanted during this past quarter and
two more will be implanted during the next quarter. Chronic stimulation in the first kitten
nas been 1nitiated using an operational prosthesis which consists of a single channel speech
processor that responds to sounds in the animals’ environment and generates an analogue
electrical signal delivered to the intracochlear electrode. One objective in this new series is
to 1ntiate behavioral training as early as possible in these arumals.

3; Morphometric evaluation of spiral ganglion survival has now been completed
tor our last series ot cats stimulated with temporally challenging electrical stimuli (300 pps
amplitude modulated with 30 Hz sinusoid or "speech” processor responding to
environmental sounds). These data will be presented in the next QPRs.

4 Histological processing of the cochlear nucleus specimens has been completed for for
several chrorucally stimulated cats in a group that showed marked protection of the spiral
ganglion as a consequence of chronic electrical stimulation. Morphometric analyses including
volume ot individual subdivisions of the cochlear nucleus, neuronal cell density and cross-
sectional area of large spherical cells in the AVCN has been initiated and will be continued
throughout the next quarter.

11
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